Background There is very little research exploring the effects of Roux-en-Y gastric bypass surgery (RYGB) on the patient's partner. The aim of the present study was to investigate longitudinally whether male partners of female RYGB patients were affected in terms of BMI, sleep quality, body dissatisfaction, depression, and anxiety. Methods Thirty-seven women, with partners who were willing to participate, were recruited from RYGB waiting lists at five Swedish hospitals. Data collection took place during two home visits, 3 months before and 9 months after RYGB surgery. Anthropometrical data were documented, and both women and men completed the Hospital Anxiety and Depression Scale (HADS) and the Karolinska Sleep Questionnaire (KSQ). The men also completed the Male Body Dissatisfaction Scale (MBDS). Results The men's BMI changes between the two time points that were analysed using general estimating equation (GEE) regression. Their BMI decreased significantly (β=−0.9, p= 0.004). The change was more pronounced in the 26 men who had a baseline BMI of ≥25 (β=−1.4, p<0.001). Fixed-effects regression showed a statistically significant association between the men's weight loss and that of the women (β=0.3, p=0.004). There were no significant changes in the men's HADS, KSQ, or MBDS scores. Conclusions Overweight/obese male partners of RYGB patients also lose weight during the first 9 months post-operatively. However, symptoms of body dissatisfaction, anxiety, and depression remain unchanged, as does self-reported sleep quality.
Introduction
Roux-en-Y gastric bypass (RYGB) improves psychosocial factors such as body image and health-related quality of life [1] [2] [3] and greatly improves sleep disorders such as sleep apnea [4] . Partners of sleep apnea sufferers, and of snorers, have been shown to have a reduced quality of sleep [5] .
Very little research has been done on possible effects on RYGB patients' partners. Madan et al. [6] explored weight changes in 59 spouses of RYGB patients and found that out of the 30 spouses who were themselves obese, half had gained at least 4.6 kg 1 year after their partners' RYGB. As for the 29 non-obese partners, 55 % stayed the same weight and 28 % lost at least 4.6 kg.
Woodard et al. [7] investigated weight change and a range of other variables (food and alcohol intake, physical activity, and eating behavior) in 35 adult family members (of whom 26 were spouses) of RYGB patients. The results showed weight loss in obese, but not in non-obese, family members, as well as decreased screen time, emotional and uncontrolled eating, and alcohol consumption. They also reported increased physical activity.
Although these were the only studies we could find on partners of RYGB patients, we did find some previous research on the effects of parental bariatric surgery on children. One of these, by Hirsch et al., compared the BMI of children living with an adult undergoing bariatric surgery with that of children living with an obese adult who did not have bariatric surgery. They found no differences except for overweight boys, where those living in bariatric surgery households had a lower than expected BMI, while those in control household had a higher than expected BMI [8] .
The aim of the present study was to explore changes in BMI, sleep quality, body dissatisfaction, depressive symptomatology, and anxiety in partners of women who undergo RYGB.
Methods

Recruitment
Women were recruited from waiting lists for RYGB surgery at five clinics in Sweden. Inclusion criteria were defined as being cleared for a primary RYGB and being able to speak and understand Swedish. Between April 2011 and October 2012, 39 women and their partners were recruited to the study. All subjects gave oral and written consent, and the study was approved by the Stockholm Regional Ethical Review Board (no. 2009/1472-31/3).
The data collection took place during two home visits. This was in order to make it easier for the participants to take part, and since the participants usually worked during the day, data collection had to take place in the evenings. The first visit took place approximately 3 months before a standard laparoscopic RYGB surgery and the second approximately 9 months postoperatively. Two families were lost to follow-up; one declined continued participation in the study, and one woman decided not to undergo the RYGB procedure.
Data Collection and Questionnaires
Participants were weighed, and their height and waist circumference were measured. Fat mass (FM) was calculated using bioelectric impedance analysis (BIA) (Quantum II, RJL Systems, Clinton Township, MI, USA) utilizing an equation by Kyle et al. [9] . They also completed questionnaires after the visits and returned them by post. Both the women and the men completed the 14-item Hospital Anxiety and Depression Scale (HADS) [10] . It contains two subscales, anxiety (HADS-A) and depression (HADS-D), with seven items each. The respondent grades each item between 0 and 3. The score is then obtained by adding up the points, with higher scores indicating more symptoms of anxiety and depression. A score between 8 and 10 on either scale is considered indicative of a borderline case of anxiety or depression, and a score of 11 and above is considered a case. The HADS has been shown to have a good validity [11, 12] .
The participants also completed the Karolinska Sleep Questionnaire (KSQ), a 13-item instrument which measures aspects of sleep quality [13, 14] . The items are each given a value between 6 (never) and 0 (always), with higher scores indicating better sleep quality. The items form four different dimensions measuring symptoms of insomnia, difficulties waking up, snoring, and sleepiness/fatigue.
The men were also given the Male Body Dissatisfaction Scale (MBDS) [15] . This 25-item questionnaire takes into account aspects of body dissatisfaction specifically relevant for men. The MBDS was translated into Swedish for the purpose of the current study, using the method of translation and back-translation outlined by the WHO [16] .
Despite at least three reminders, five families failed to return their questionnaires for the first data collection and six for the second. Additionally, some participants had missing data on one or several items in the questionnaires (9-18 participants, depending on psychometric instrument).
Statistical Analysis
We categorized the partners' weight status as normal weight if their BMI was <25 kg/m . We used general estimating equation (GEE) regression models to explore intra-individual changes in BMI, waist circumference, percent FM, HADS, KSQ, and MBDS scores between the two time points. We estimated changes in the partners' risk of overweight and obesity using McNemar's test. Finally, we used fixed-effects regression models to explore the association between the magnitude of the women's changes in BMI, HADS, and KSQ scores and that of their partners' changes as outcome in the same parameters. All analyses were conducted using the STATA 12.1 (STATA Corp, College Station, Texas, USA) software.
Missing Data
Missing values were evaluated using multiple imputation models [17] . The results presented are based on complete cases only, as the models did not yield significantly different results.
Results
Characteristics of the women and their partners are shown in Tables 1 and 2 . Of the women, 22 % reported having a postsecondary education. The corresponding figure for the men was 35 %. The women lost a mean of 11.7 BMI units, or 33.2 kg, corresponding to a mean 30.4 % total weight loss. The men's mean weight change was 0.9 BMI units, or 2.5 kg (2.7 % total weight loss). Their waist circumference decreased by a mean of 4.7 cm. However, their FM increased by a mean of 2.7 %.
We then dichotomized the men by weight status, normal weight vs overweight/obese (none of the participating men was classified as underweight), and found that their BMI change was driven by the 26 men with overweight/obesity at baseline. Their mean weight loss was 1.4 BMI units or 4.5 kg (4.4 % total weight loss). The 11 men who were normal weight at baseline did not show a meaningful weight change (a mean gain of 0.2 BMI units, corresponding to 1.0 kg or 1.3 %).
The changes in the partners' BMI, waist circumference, and percent FM were all found to be significant (Table 2) . There were only marginal changes in the men's mean MBDS, HADS, and KSQ scores.
The women's reductions in BMI, waist circumference, and percent FM were all significant. They had also improved HADS and KSQ scores in all dimensions ( Table 1) .
The association between the magnitude of the women's weight loss and that of their partners was shown to be significant. Adjusting the model for the women's baseline BMI somewhat strengthened this association (Table 3) . This, however, was not the case for waist circumference, percent FM, or the scores for the different dimensions of HADS and KSQ, with the exception of HADS-A (Table 3 ). However, this was disregarded since the association became non-significant when one extreme outlier was removed from the analysis.
Discussion
In the present study, partners of women who underwent RYGB for obesity also lost weight, and this was especially true for those partners who were themselves overweight or obese. This is in agreement with the results of Woodard et al., who found that obese adult family members lost an average of 8 lb (3.6 kg) after another family member's RYGB [7] . However, Madan et al. came to the opposite conclusion [6] . In their article, Madan et al. outline a possible "mimicking effect," meaning that the partners copy the RYGB patients' healthier food choices after surgery. Even though there was no evidence of this in the Madan et al. study (the authors ascribe this to a possible opposing "garbage can effect," meaning that the spouses eat the food that the RYGB patients can no longer consume themselves and gain weight as a result), the men in our study may have been affected in this way. It also seems logical that those partners who were themselves obese would be the most motivated to copy their partners' positive lifestyle changes, while the normal weight partners may already have had good habits. There was no information on socioeconomic position (SEP) in the study by Madan et al., but it has been shown that higher SEP is associated with greater readiness to make health-related behavioral changes [18] . Possibly the men in our sample had a higher SEP than those in the Madan et al. study.
It is not clear why the men should have increased their FM percentage, even though they lost weight. Possibly, their physical activity decreased during the same time period, and their weight loss would then reflect a relatively higher loss of lean mass compared to FM. Additionally, there have been inconclusive results regarding the validity of BIA measurements in very obese individuals [19, 20] . Few of the men in our study were morbidly obese, but this may have been a problem.
We found an association between the magnitude of the woman's weight loss and that of her partner' (Table 3) . It seems likely that women who lose the most weight would be the most compliant to the new eating habits and to reduce high-sugar, high-fat foods in their households. Their partners may then also consume less of these foods, which may have contributed to their weight loss.
We saw no significant changes in the men's HADS scores. Normative HADS scores in the general (nonpsychiatric) population range between 4.4 and 6.1 for HADS-A and 3.7 and 4.8 for HADS-D [21, 22] . Thus, the men in our study reported relatively low scores at baseline (Table 2) , it means that there might not have been much room for improvement. The women reported higher scores than the men at baseline, but 1 year later their scores were lower than both their spouses' scores and the estimated scores for the general population (Tables 1 and 2 ). However, there may be a "honeymoon period" after RYGB [23, 24] , usually lasting 6-24 months post-RYGB and often mirrored in psychosocial variables [3, 25] . Karlsson et al. noted that depression scores (using a different instrument than HADS) for patients who had undergone bariatric surgery decreased to about half of baseline values 1 year after [26] . This is in accordance with the present study.
We found no significant changes in the men's KSQ scores. This might be explained by the fact that the men reported relatively high sleep quality at baseline.
Finally, we saw no changes in the men's MBDS scores. Baseline scores were similar to the mean (general population) score in the article by Ochner et al. [15] (47.4 compared to 51.2), indicating low levels of body dissatisfaction in our sample. Although obese individuals have been shown to have higher levels of body dissatisfaction than those who are normal weight [27, 28] , this is particularly the case for women, while the effects of obesity on body dissatisfaction in men are less noticeable [28, 29] .
The present study has several strengths and limitations. All anthropometrical data was collected by the authors (MW and DB), as obese individuals tend to underestimate their own weight to a greater extent than normal weight individuals [30, 31] . When analyzing intra-individual changes, all potential confounders that do not vary within the individual between the two data collection time points are effectively controlled for.
Limitations include the small sample size, although it is comparable to that in the study by Woodard et al. [7] . Naturally, it would have been desirable to recruit more families into the project, but this proved impossible within the time frame of the 18-month recruitment period. It should also be noted that the follow-up time was rather short. Longer-term results may differ from those presented here.
In conclusion, 9 months post-operatively, male partners of women undergoing RYGB also lose weight, and the magnitude of their weight loss is associated with that of the women's. The men's depression and anxiety symptomatology seems to remain unchanged, as do their sleep quality and body dissatisfaction, even though the women in the study reported significant improvements. The men reported good sleep quality, and low levels of body dissatisfaction, anxiety, and depressive symptomatology at baseline, which may explain this lack of change. Future research should focus on the exact mechanisms underlying the partners' weight loss, in order to design possible interventions. 
